SUMMARY
We have shown recently that not only neurones, but also astrocytes (a glial cell subpopulation implicated in basic neuronal functions) are potential substrates for anaesthetic agents, and more specifically for propofol [I] . Indeed, clinically relevant concentrations of this agent elicit closure of cellular communication mediated by gap junctions between astrocytes, while other i.v. anaesthetics, such as ketamine, are ineffective. T h e permeability of astrocyte gap junctions is known to be decreased by marked increases in cytosolic concentrations of calcium ([Caw] ,) [2] . Also, [Ca2+] , is known to play a key role in the transduction and propagation of various chemical signals in astrocytes [3] . Therefore, in the present study, we have investigated the effects of propofol and ketamine in clinically relevant concentrations on resting [Ca2+], concentrations of astrocytes in primary culture.
METHODS AND RESULTS
We followed handling procedures as recommended in the Guide for the Use of Laboratory Animals. Experiments were performed on cortical astrocytes obtained from 16-day-old-Swiss mouse embryos. Briefly, cells 2 x loG per 100-mm dish were plated on glass slides previously coated successively with poly-L-ornithine 1.5 pg ml-' (Sigma) and laminin 2 pg ml-' (Gibco) and placed into 100-mm culture dishes. T h e culture medium comprised Dulbecco's modified essential medium and F-12 nutrient (Gibco), supplemented with glucose 33 mmol litre-', glutamine 2 mmol litre-', NaHCO, 3 mmol litre-', HEPES 5 mmol litre-' and 10% N U serum (Collaborative Research). Cells were cultured at 37 "C for 18-20 days in a humidified atmosphere of 95 % air and 5 % carbon dioxide. On day 12, the medium was changed and cytosine arabinoside 1 pu. (Sigma) was added for 24 h to avoid proliferation of microglial cells. Thereafter, the culture medium was changed twice a week. Under these conditions, more than 95 % of the cells were identified as confluent astrocytes by indirect immunofluorescent staining antibodies directed against glial fibrillary acidic protein.
[Ca2+Ii was measured by dual emission microfluorimetry with the indo-1 probe (Molecular Probe, Inc) as described previously [4, 5] . Briefly, astrocytes in confluent monolayers on a glass side were loaded for 60 min with a 12-pmol litre-' concentration of the cell permeant indo-1 acetoxymethylester in perfusion saline HEPES buffer. After loading, the glass side was placed in a thermostable perfusion chamber. T h e cells loaded with the fluorescent probe were excited via a 40-X oil immersion fluorine objective using a 75-W xenon light, neutrally attenuated to avoid bleaching, and filtered at 360 nm with a 10-nm wide interferential filter. Excitation and emission lights were separated by a 380-nm dichroic long-pass filter. Emission spectra were then divided into two halves by a 455-nm dichroic longpass filter. Two discriminant bands were selected by interferential filters at 400-410 nm and 470-490 nm BRITISH JOURNAL O F ANAESTHESIA from the two halves of the indo-1 emission spectra: the photonic signals were amplified and estimated by photometers. The fluorescence ratio F,,, : F,,,, which is independent of probe concentration, was calculated directly from both simultaneous signals. With indo-1, under the conditions described, spontaneous fluorescence of astrocytes was negligible. Continuous excitation appeared to be suitable for detection of rapid phenomena.
[Ca2+], concentrations were calculated from the fluorescence ratio measured at 400410nm and 470490 nm and a 250-nmol litre-' dissociation constant (K,) of indo-1 for Ca2+, as described previously [4] . For calibration of the fluorescent signal, cells were superfused with solutions containing the Ca2+ ionophore ionomycine lodG rnol litre-' and either CaCl, 2 and 100 rnmol litre-' or EGTA 5 or 10 mmol litre-'. Exposure to the compounds used at the concentrations indicated was performed using a multichannel cell superfusion device which allowed a change of superfusion medium in 100 ms. Propofol was prepared first as a 10-I rnol litre-' solution in dimethylsulphoxide, while ketamine (Sigma) was dissolved directly in the perfusion saline HEPES buffer. The concentrations of the pharmacological and anaesthetic agents used were : [L-Prog]-substance P lo-' rnol litre-' (an agent which triggers the release of Ca2+ from endogenous stores via activation of phospholipase C in astrocytes [5] In a few cells, however, this [Ca2+], peak was followed by a moderate, but sustained, increase in [Caw], which was observed as long as propofol was present in the external medium (180 (50) nmol litre-', P c 0.01). This increase in [Ca2+], was sensitive to depletion of external Ca2+, as it was suppressed when a Ca2+-free superfusion medium containing EGTA 5 mmol litre-' was used ( fig. lc) . In contrast, ketamine or lo-, rnol litre-' failed to affect [Ca2+], concentration in astrocytes (n = 12, fig. ID ). COMMENT We have observed that propofol in clinically relevant concentrations induced changes in concentrations of [Ca2+], of astrocytes in primary culture, whilst in contrast, ketamine failed to alter Ca2+ signalling in these cells.
Several lines of evidence suggest that the transitory [Ca2+], peaks elicited by propofol correspond to mobilization of CaZ+ from endogenous stores. In-deed, the response evoked by administration of [LPros] substance P, an activator of phospholipase C in cortical astrocytes [5] , was mimicked by administration of this anaesthetic. The [Ca2+], peak elicited by pro^] substance P in astrocytes corresponds primarily to release of Ca2+ from endogenous stores as a result of phospholipase C activation and inositol triphosphate production [5] . The [Ca2+], plateau observed in a few cases during administration of propofol is likely to be accounted for by Ca2+ entry from the external medium. Indeed, the same pattern of response was observed in cortical astrocytes after co-administration of substance P and 2-chloroadenosine [5] . Moreover, this increase in [Ca2+], was suppressed when Ca2+ was omitted from the external medium, as was the case in our study. Interestingly, a restricted subpopulation of cortical astrocytes was found to be unresponsive to propofol in our study. We cannot exclude the possibility that a larger subpopulation of cortical cells would have been sensitive to propofol in concentrations exceeding the clinical range (i.e. greater than 10-"01 litre-'). However, differences may exist in the sensitivity of astrocyte subpopulations to the action of this anaesthetic in concentrations within the clinical range.
We also found that ketamine, a non-competitive antagonist of N-methyl-D-aspartate (NMDA) receptors, failed to affect [Ca2+], concentrations in cortical astrocytes. This may be related to the absence of NMDA receptors on astrocyte membranes [6] . Nevertheless, these findings are important, as they confirm that the action of anaesthetics on glial cells are, at least in part, specific.
The clinical relevance of these results remains to be established. Cellular communication between astrocytes is decreased by marked increases in [Ca2+], concentration, which results in closure of the gap junction [2] . Therefore, we can speculate that the increase in [Ca2+], concentration elicited by propofol might contribute to uncoupling of the astrocyte network induced by this anaesthetic agent.
